Bis-[methyl-1-hydroxy-1-cyclopentene-2-dithiocarboxylate-O,S]nickel(II) 1 was prepared starting from methyl 2-hydroxycyclopent-1-encarbodithioate ligand (CPDT) and Ni(II), and catena-[( 2 -4,4 -Bipyril)-bis-(methyl-2-hydroxy-1-cyclopentene-2-dithiocarboxylate-O,S)]nickel(ΙΙ) 2 was prepared in good yields from 1 plus 4,4 -bipyridyl (bpy) by shish-kebab methodology. The structure of 1 was confirmed by FTIR, elemental analysis, 1 H NMR, UV-vis in chloroform solution and in solid, XPS, and PXRD. Compound 2 was characterized by FTIR, elemental analysis, UV-vis in chloroform solution, and in solid, XPS, PXRD, ESR, and solid state magnetization measurements. The structure of the polymer was established mostly by PXRD, ESR, and magnetization.
Introduction
Discrete metallosupramolecular assemblies have been prepared towards potential applications in catalysis, gas-storage, separation, sensing, magnetism, optics, and electrochemistry, among others [1] [2] [3] [4] [5] [6] . The design of well-defined structures is based on the directional-bonding approach, using rigid ligands with highly directional coordinating groups and geometrically constrained metals entities. In this sense, the wheel-and-axle approach is being applied to obtain 1D polymers [7] , which are also described as shish-kebab coordination polymers [8, 9] . This type of linear supramolecules is formed when an ambidentate ligand bridges metalloporphyrins with hexacoordinated metals [10] . Shish-Kebab approach has three variables (macrocycle, bridging group, and transition metal) wherein metalloporphyrins were commonly used as macrocycle-metal moiety, and N,N -bidentate ligands perform as bridging group, towards the control of optical, magnetic, and electrical properties [11] .
Not only are metalloporphyrins used in shish-kebab coordination polymers, but square planar complexes with two vacancies have also been used to obtain 1D coordination polymers [12] [13] [14] . We are interested in nickel(II) complexes with O,S-donor ligands and in the study of the structure and chemical properties given by the S-donor atoms in the nickel coordination sphere. Dorange et al. reported the synthesis of the NiL 2 diamagnetic complex (L = methyl 3-hydroxy-3-phenyl-2-propenedithioate) [15] and a paramagnetic [NiL 2 (Py) 2 ] bis-pyridine derivative. This work shows the possible use of bis-chelated complexes in square planar structure for the preparation of shish-kebab coordination polymer with a 4,4 -bipyridyl bridge. Herein we report the syntheses and structural characterization of two nickel(II) complexes bis-[Methyl 1-hydroxy-1-cyclopentene-2-dithiocarboxylate-O,S] nickel(II) 1 and catena-[( 2 -4,4 -bipyridyl)-bis-(methyl 2-hydroxy-1-cyclopentene-2-dithiocarboxylate-O,S)nickel(ΙΙ)] 2, starting from methyl 2-hydroxycyclopent-1-encarbodithioate ligand [16] and its 1D coordination 2 Journal of Chemistry polymer bridged by bpy. The structure of the latter was evidenced by spectroscopy in solid state, being unstable in solution.
Experimental Section

Materials and Methods.
Cyclopentanone, methyl iodide, potassium tert-butoxide, 4,4 -bipyridyl (Aldrich), carbon disulfide, and nickel(ii) chloride (J. T. Baker) were used without further purification. Solvents were distilled before use. Melting points were determined in a Melt-temp II.
1 H and 13 C NMR spectra were recorded using a Bruker-Advance 300 MHz spectrometer, using TMS as internal standard. IR spectra were recorded on a Nicolet Avatar 360 in KBr and ATR FT-IR Shimadzu, IR Prestige-21 model with 4 cm −1 of resolution. Electronic absorption spectra were obtained on a Perkin Elmer lambda 25 spectrophotometer. The XPS spectra were acquired using a JEOL JPS-9200, equipped with a Mg X-ray source (1253.6 eV) at 200 W; the area of analysis was 1 mm, and the vacuum was in the order of 10 −8 Torr for all samples. The spectra were analyzed using the SpecSurf software included with the instrument; all spectra were charge-corrected using the carbon signal (C 1s) at 284.5 eV as a reference. The Shirley method was used for the background subtraction, while in the curve fitting process the GaussLorentz method was used. Electron Paramagnetic Resonance spectra were recorded on JOEL JES-TE300 of 1.4 T spectrometer, operated on X-band at FM 100 KHz in cylindrical cavity on TE011 method. The samples were handled as solid into Wilmad quartz tubes. Magnetization measurements were performed with a Quantum Design MPMS SQUID magnetometer, MPMS-5. Field-cooling (FC) cycle was performed at magnetic field intensity of 1000 Oe in the range 2 up to 300 K. Powder X-ray diffraction data were acquired in a Bruker D8 advance diffractometer equipped with a Linxeye detector, using Ni-filtered Cu K radiation. Tube conditions were 30 kV, 30 mA; 2 range 5-50 ∘ ; step size 0.02 ∘ ; step time 32 s. 
Synthesis of the Methyl 2-Hydroxycyclopent-1-encarbodithioate Ligand (CPDT
Synthesis of catena-[( 2 -4,4 -Bipyridyl)-bis-(methyl 2-Hydroxy-1-cyclopentene-2-dithiocarboxylate-O,S)nickel(II)
]
Results and Discussion
3.1. Synthesis and Characterization of 1. 1 was obtained according to similar methodology (Scheme 1) previously reported for the nickel complexes of the methyl 3-hydroxy-3(4 -R-phenyl)-2-propenedithiocarboxylate ligands [15] . The proposed structure of 1 was built by its spectroscopic characteristics and single crystal analysis.
In the IR spectrum of 1, the loss of the centered band is observed at 3427 cm −1 , which was assigned to H-O enol group in the ligand. The signals at 1405 and 909 cm −1 were assigned to (C-O). These signals were low energy-shifted . The changes on C-O, C=S, and C=C energy vibrations suggest the electron delocalization on the 6-membered chelated ring of the complex [17] .
The 1 H NMR spectroscopy complements the structural information of 1. The enol proton observed at 14.27 ppm for CPDT ligand disappears in the spectrum of 1. In general, the rest of the signals are upfield-shifted compared to the ligand, except SMe protons, which are not significantly affected by coordination (2.63 ppm in CPDT). The multiplets at 1.87, 2.46, and 2.66 ppm assigned to cyclopentene moiety are less shifted from the ligand (at 1.89, 2.68, and 2.81 ppm in ligand, Δ = −0.02, −0.22, and −0.15 ppm, resp.) due to the increase of electron delocalization by the coordination.
The chloroform UV-vis spectrum of 1 ( Figure 1 ) shows electronic transitions in both UV and visible part of the spectrum (Table 1 ). In the UV range, two main absorption bands are observed corresponding to a ligand transition. Overall, the absorption bands are blue shifted respecting ligand by the nickel coordination. The band at 280 nm was assigned to the * ← transition of the oxygen atom. The band assigned to , -unsaturated system centered at 315 nm has an important hyperchromic effect, evidencing the increase of -conjugation in 1. The band at 337 nm was assigned to a * ← transition of dithiocarbonyl group. Two bands on the visible region at 383 and 445 nm may belong to S-Ni and O-Ni LMCT transitions [18, 19] . In the solid electronic spectrum, the deconvoluted signal centered at 350 was assigned to a * ← transition of dithiocarbonyl group and 1 B 1g ← 1 A 1g , corresponding to a square planar geometry on nickel(II) center [20, 21] .
The XPS spectrum of 1 shows the presence of carbon, oxygen, sulfur, and nickel signals ( Figure 2 and Table 2 ). The Ni 2p 3/2 signal at 854.87 eV (Table 1) could be assigned to a nickel(II) atom surrounded by O,S-donors similar to the reported [Ni(SC(SCH 3 )CHC(C 6 H 5 )O) 2 ] complex, (855.00 eV) [22] . The absence of satellite peaks confirms the diamagnetic behavior of nickel center and the square planar geometry of the complex. Bonding energy (eV) The S 2p band region shows a single broad peak in 162 eV, with a FWHM = 2.6 eV by the presence of the 2p 1/2 and 2p 3/2 core levels as well as two different sulfur atoms, expected by the ligand structure ( Table 2 ). The peak separation of each S 2p peak is about 0.92 and 1.06 eV. The peaks at 161.12 and 163.06 correspond to the 2p 3/2 core level and correspond to S-C and S=C, respectively. The O 1s spectrum shows a broad peak centered at 530 eV with a FWHM = 2.9 eV, being in accord with the presence of more than one species. Gaussian deconvolution of O 1s spectrum shows two peaks at 530.1 and 531.3 eV (Table 2) which were assigned to a O-C and O=C moieties, respectively. Ketoenolate resonance is proved by the presence of these peaks and the same intensity of both gives further evidence of -delocalization on the chelated ring.
Preparation of 2.
One-dimensional coordination polymer was obtained in a straightforward process, from the synthesis of 1 and bpy in chloroform media. The color change from orange to light yellow was the initial evidence of its presence. The FTIR spectrum of 2 shows the signals associated with bpy bridge at 2954, 1575, 1483, 1375, and 625 cm −1 towards low wavenumbers respecting the free ligand, due to the nickel coordination. The vibrational energy decreases, probably due to the slight electron density from the -donation of the bpy. When the UV-vis spectra of 1 and 2 in CHCl 3 were compared (Figure 1) , both of them contain the same bands with a general hypochromic effect on the former, associated with the coordination of the bpy molecule. The main changes were in the visible region with a blue shift of LMCT band at 379 nm, respecting those of 1 (383 nm). The slight decrement of the LMCT energy comes 200 300 400 500 600 700 800 900 1000 1100
Wavenumber (nm) 1 2 * * * * % reflectance from the minor molecular orbital energy associated with the metal center, from the pyridine coordination. The solid spectrum shows a notable difference respecting precursor (Figure 3) . The band LMCT at 459 nm is notably red shifted from 1 (449 nm), similar to similar systems [23] . Three more bands were observed at 571, 886, 922 and 955 nm, which were assigned to the transitions
, and
, respectively, in an octahedral environment around the nickel ion [24] [25] [26] [27] [28] , due to the coordination of two bipyridyl molecules.
The XPS spectrum of 2 (Table 2) shows the decrease on S 2p binding energies respecting 1 complex (Table 2) due to the small nuclear effective charge of the sulfur atom with bpy coordination. The 2p 3/2 nickel signal shows a slight increase on BE with bpy coordination; this might be due to a decrease of its electron density. These facts could be related to theback donation of nickel to S-donor ligand, for the N-donor ligand, attached to metal center.
No crystals of 1 and 2 suitable for single crystal were obtained, but PXRD analyses were performed. The powder pattern of 2 has a different phase than those observed for bpy and 1 (Figure 4 ) confirming a new phase, different to those. The diffractogram of 1 shows broader peaks, probably due to a less ordered solid, than those narrow peaks of 2, which could be associated with a higher ordered solid structure. The ESR analysis of 2 displays a broad singlet centered at = 2.14 ( Figure 5 ), corresponding to a paramagnetic center of nickel(II) [29, 30] . The line shape of the wide spectrum is associated with Ni (II) centers with = 1 [31] and magnetic interactions among them are present [32] . Wide endings of the spectrum show that the interactions are present even before applying the magnetic field and at higher frequencies than the allowed for the ESR spectrometer.
The polymeric structure of 2 was confirmed by its magnetic behavior. Figure 6 shows the temperature dependence of magnetic susceptibility of 2 at 1000 Oe applied field. The values of magnetic susceptibility slightly increase with the decrease of the temperature, from 300 to 34 K. The magnetization is drastically enhanced below 30 K, showing a tendency towards a lower antiferromagnetism at lower temperatures. The magnetization at high temperatures strongly agrees with Curie-Weiss law, as could be seen in 1/ versus curve ( Figure 6 ) [33] . The fitting result has = −99K and = 0.375 K mol −1 values. The negative value of suggests an antiferromagnetic behavior of 2. A value was calculated through the Weiss constant using the molecular-field theory (MFT) [33] , affording an average coupling constant = −8.63 cm −1 , when = 1 and = 6 (coordination magnetic number) were used.
The temperature dependence of the effective magnetic moment (Figure 7) shows at 300 K a value of eff = 1.52 , which is lower than those spin only values calculated for = 1/2 (1.73 ) and = 1 (2.83 ), confirming the antiferromagnetic behavior of the polymer. The value of eff decreases linearly as the temperature decrease up to ∼35 K. At this point, eff increases with temperature, up to a maximum at ∼12 K decreasing at the lowest temperatures. This is a typical antiferromagnetic exchange behavior with a Neel temperature at 12 K.
Conclusions
The coordination compound 1 was obtained following the reported methodology. The spectroscopy characterization allows us to propose in a square planar conformation, feasible to prepare a 1D coordination polymer bridging by bpy. The complex shows electron delocalization over the chelated ring and a diamagnetic behavior, as seen in XPS analyses. The straightforward synthesis of the polymer yields a compound with different physicochemical and structural properties than initial complex. In solution compared to in solid state, the CP was stable, and the solid has a different phase than the 6 Journal of Chemistry precursor complex. The paramagnetism of 2 is established at > 100 K. These results aim to propose the bridge of bipyridyl molecules within 1, confirming the presence of a 1D coordination compound. Importantly, further crystallization techniques are in progress to confirm the molecular structure of the polymers 1 and 2.
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